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BACKGROUND
Lyme disease is the most common vector-borne disease in the United States and Canada,
and the incidence rate is rising. Understanding the causes behind inter-annual fluctuations
of Lyme disease incidence can help warn healthcare providers of upcoming outbreaks.
The primary vector for Lyme disease in the Eastern US and Canada is the blacklegged tick,
Ixodes scapularis. Lyme disease in North America is caused by the transfer of the Borrelia
burgdorferi pathogen from the tick to people during feeding. I. scapularis tick abundance is
considered a good proxy for Lyme disease incidence, particularly the density of nymphs.
Nymphs represent the middle life stage of the tick and they are the ticks that bite humans
and potentially spread Lyme disease. Laboratory studies have shown that I. scapularis ticks
are highly sensitive to the effects of temperature and relative humidity in ways that affect
their survival, life cycle, behavior, and ability to transmit the B. burgdorferi pathogen.
The potential for contracting Lyme disease depends on three key factors: 1) the abundance
of the tick vector (the density of host-seeking nymphs being particularly important), 2) the
prevalence of B. burgdorferi infection in ticks, and 3) the contact frequency between
infected ticks and humans. This systematic review is an attempt to examine the first factor,
the abundance of the tick vector, by teasing out the important climate variables that affect
I. scapularis tick abundance in North America and, by proxy, Lyme disease incidence.

Table 1. Description of Studies Included in Review

Three analyses were conducted with tick abundance, a proxy for Lyme
disease incidence: 1) climatic moisture, 2) temperature, 3) temperature +
moisture. Risk of bias was generally rated “low” or “probably low” and
quality of evidence was rated “moderate” for all studies.
A positive, moderate-strong relationship was observed between climatic
moisture and tick abundance (r=0.82; r2=0.56 to 0.64) in 56% of studies.
The relationship was observed in 60% of nymph abundance studies and in
71% of studies with a few months time lag between climatic moisture and
tick abundance. The relationship with climatic moisture was rated as having
“sufficient” strength of evidence, indicating that a relationship exists but
more research is needed.
While relationships were observed between tick abundance and
temperature (70% of studies, r=(-0.89) to 0.93; r2=(-0.56) to 0.34) and
temperature + moisture (38% of studies, r2=0.50), direction and magnitude
could not be determined. The strength of evidence was rated as
“inadequate” for both analyses (data not shown).

Table 2: Tick Abundance and Climatic Moisture

OBJECTIVES
The objective of this systematic review was to describe the way that climate variables are
affecting Lyme disease incidence. This will be carried out by examining the effects of climate
variables on Ixodes scapularis tick abundance.

METHODS
A systematic review was conducted using the Navigation Guide, a methodology developed
to review environmental public health literature and note the risk of bias, the quality of the
evidence, and the strength of the evidence of an exposure-outcome relationship.

Figure 1. Systematic Review PRISMA Flow Diagram

A literature search
was conducted on
October 4, 2017
and found 1911
articles using the
electronic
databases Scopus,
ProQuest,
Pubmed, and Web
of Science.
In the final
analysis, 21
articles were
included.

* significance at p < 0.05 or lowest AIC score, ** significance at p < 0.01. Abbreviations: prec, precipitation; RH,
relative humidity; AIC, Akaike information criterion; ANOVA, analysis of variance

CONCLUSIONS
As climatic moisture increases (especially when measured yearly or 0.5–2 years prior),
tick abundance (and, by proxy, Lyme disease incidence) increases. However, more
evidence is needed to confirm this relationship. Nymph abundance studies, a more
accurate proxy, was more likely to show this relationship.
Climate change is predicted to increase precipitation in Northeast US/Canada, which
will likely increase tick abundance and therefore the rate of Lyme disease incidence.
Understanding the ways that moisture-related variables, like precipitation, relative
humidity, vapor pressure deficits and desiccation events, are affecting the I. scapularis
tick population will prove vital for predicting Lyme disease incidence and aiding
prevention efforts in the future.

Left and Right Pictures from CDC:
https://www.cdc.gov/lyme/transmission/blacklegged.html

CONTACT INFO
Anita Desikan, MS, MPH Candidate, Email: adesikan@gwu.edu
Milken Institute of Public Health, Environmental and Occupational Health Department,
George Washington University

